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NATIONAT. ADVISORY.COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

BUFFETING-LOAD MEASUREMENTS ON A JET-POWERED
BOMBER ATRPLANE WITH REFLEXED FLAPS

By John A. See and Williem S. Aiken, Jr.
SUMMARY

Buffet boundaries, buffeting-load increments for the stabilizers
end elevators, and buffeting bending-moment increments for the stabil-
lizers and wings as measured in gradual maneuvers for a Jet-powered
bomber airplane equipped with reflexed fleps and allerons and tall-tip-
incidence changes are presented and compared with similar results for
the originsl airplane configurstion. The hiffeting-load increments

"were determined from strain-gege measurements at the roots or hinge

supports of the various surfaces considered. The Mach numbers of the
tests ranged from 0.35 to 0.8l at pressure altitudes close to

30,000 feet. The predominent buffeting frequencles were close to the
natural frequencies of the structursl components. The magnitudes and
trends of buffeting-load coefficients with Mach number for the reflexed-

FIEL

flap configuration were similar to those for the original configuration. .

At low Mach numbers the magnitude of the maximum stabilizer buffet-load
coefficlents for the reflexed-flap configuration appeared to increase
with length of time in buffeting.

INTRODUCTION

In order to obtain information concerning the aerodynemic loads
and load distributions on a high-speed, relaetively flexible Jet-bomber
airplane, a flight lnvestigation has been conducted on a North American
B-45A by the Nationsl Advisory Committee for Aeronsutics. The results
from the program are to be used to check the validity of availeable
computational methods and small-scale wind-tunnel measurements of items
such as the serodynamic center and the zero-lift pitching-moment coef-
ficient of the wing-fuselage combination. References 1 to T present
results in time-history form of some of these tests.

UNCLASSIFIER



Concurrently with these tests, airplane buffeting was experienced
at several combinations of Mach mumber, normal-force coefficient, and
altitude. Reference 8 contains some of the buffeting results cobtained
during the portion of the progrem applicable to the original B-45A con-
figuration. In accordance with Air Force technical-order changes, sev-
eral modifications have been made to the alrplane since the tests
reported in reference 8. This paper presents comparisons of the
buffeting-boundary, buffeting loads, and moment coefficients for the
original configuration and the modified configuration with reflexed
Tlaps and allerons and tall-tip-incidence changes.

SYMBOLS
Cx normal-force cogfficient CEZ;%)
CBM bending-moment —coefficient (%Mg

8%

BM bending moment, Inch-pounds
q dynamic pressure, pounds per square foot <§.Tpﬂﬁ5
P free-stream statlic pressure, pounds per square foot
n alrplane load factor, g units
M Mach-number
W alrplane welght, pounds
S area of component being consldered, square feet

b/2. . semispan of component being considered, inches

a slope of 1ift curve, taken as 4.63 per radlan

Po mass density of air at sea level, slugs per cubic foot
Ve equivalent airspeed, feet per second

Ue effective gust velocity, feet per second
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K gust allevidtion factor, teken as 1.2

A when used with-coefficients éenotes incremental vaiues
"Subscripts:

A airplane

T horizontal tail

E elevator

W wing

B buffet

cg - center of gravity

APPARATUS AND TESTS

Airplane

The sirplane used for this Investigation is a B-45A and 1s shown
in a three-view line drawing In figure 1. Included in the figure are
the approximaste locations of the bending-moment and shear strain-gage
bridges. Some of the pertinent characteristics of the test airplane
are given in table I. In accordance with Air Force technicel orders
the following modifications have been made to the airplane gince the
tests reported in reference 8. The wing flaps were reflexed and s
bent-down trailing-edge strip was added as shown schematically in fig-
ure 2 in comparison with the original airfoil (NACA 66,2-215) flap
contour, In addition to the reflexed flap, the ailerons were uprigged
3°48+ and end plates added to the flap-fuselage and flap-nacelle Junc-
tures. The tip of the horizontal taill outboard of the elevator was

modified by bending down the trailing edge rearward of the resr spar 20,

Instrumentation

Standard NACA photographic recording instruments were used to
measure alrspeed and altitude, rolling, pitching and yawing velocities,
sideslip angle, accelerations, control forces, and control positions.
Normel, transverse, and longitudinal accelerations were measured at
the airplane center of gravity and at fuselage station Tlh4 (approx. the
one-quarter mean chord of the horizontal tall).
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An sirspeed boom was mounted &t the left wing tip with the airspeed
head approximastely 1 locel chord ahead of the leading edge of the wing.
The results of a flight calibration of the airspeed system for position
error and an analysis of avallable data for a similar installation
indicate that the measured Mach number differs from the true Mach number
by less than *0.01 throughout-the test range.

Electrical wire-resistance strain gages located on the maln spars
of the wing and tall surfaces were used for measuring the shear and
bending moment. REach hinge of the elevator was instrumented with strain
gages to measure the load. The strain-gage ocutputs were recorded on
two 18-channel oscillogrephs with individual galvasnometer responses flat
to 60 cycles per second. A O.l-second timer wes used to synchronize all
of the records.

In order to establish the relationship of the strain-gage-bridge
output, as a function of shear or bending moment; calibration loads were
applied to the airplene structure in the Langley aircraft loads cali-
bration lsboratory. In gepneral the equations which were determined from
the calibrations included several terms. For example, the net shear
on the left side of the horizontal stabllizer was glven by an equation
of the form

Net shear (left stabilizer) = AS

SL + BSBML + CtSBMR

Where A, B, and C are callbration coefficients and the & symbols
are the strain-gage responses of the left-shear, left bending-moment,
and right bending-moment bridges, respectively. For shear, the

term ABSL is the primary term and is the only one used to evaluate

the buffeting loads inasmuch as preliminary checks showed that no sig-
nificant loss of accuracy in the evaluation of the buffeting-load
increments resulted from the omission of the secondary terms.

The bending moment on the horizontal®' stabilizers end the wing rocot
bending noments and shesrs were determined in & simllsr menner.

During the tests on the originsl eirplane conflguration reported
in reference 8, the elevator loads were measured by combining the out-
put from the three outer hinge-bracket strain-gage bridges and the three
inner hinge-bracket strasin-gage bridges and then determining the elevator
load from a calibration equation of the form

Net load per.side (elevator) = AS,,tpoarda + BPinboard (1)

4,
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where A snd B eare calibration coefficients and the &'s are the
electrically combined strain-gesge-bridge responses.

In order to check the adequacy of the method of equation (1)
for measuring the elevator buffeting load and elsc to determine the
buffeting-load increments on the individual hinge brackets, some data
were obtained with the reflexed-flap configuration where the load on
the right elevator was determined from en electrical combination of all
six hinge-bracket strain-gage bridges as

Net load (right elevator)} = CB317 combined (2)

The load on the left elevator was determined from individual recording

‘of each hinge-bracket strain-gage response so that the total load on

left elevator had to be evaluated from an eguation of the form

Net Losd (Left Elevator) = D&; + ESy + F&3 + G9) + Hbg + Ibg (3)

In equation (3) D, E, F, G, H, and I are calibration coefficients
and 8, . . . Bg are the strain-gage responses for each of the six

hinge brackets. When the left elevator load wass determined from elec-
trical combination of all six bridges (equation (2)), the right elevator
individuel hinge-bracket loads were recorded simultaneously and the
total load evaluated by means of equation (3).

Tests

A1l tests were made with the alrplene in the cleasn condition. The
test date fall into two classes, intentional buffeting and inadvertent
buffeting. The data obtained in intentional ~-buffeting maneuvers were
for several flights in which the pilot was specifically instructed to
obtain values of airplane normal-force coefficient beyond the buffeting
boundary and to allow the airplane to shake for periods of about 5 sec-
onds. BSince at the highest Mach numbers buffeting was encountered in
level flight the pilot pushed down in an attempt to establish the buf-
fet boundary. Inadvertent-buffeting data were obtained from wind-up
turns where the pilot sterted the recovery immedistely at the onset
of buffeting. With the exception of two runms at spproximately
20,000 feet all the buffeting data were obtained at 30,000 feet pressure
aeltitude.
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RESULTS AND DISCUSSION

Buffet Boundary

The criterion used to establish the gradusl-turn buffet boundary
was an incremental change in tall load of f200 pounds per side. It
was found from the flight tests on the original airplane configuration
reported in reference 8 that when the pilot intentionslly approached
buffeting the value chosen as the criterion coilncided with the pillot's
opinion of onset of buffeting.

The gradual-turn buffet-boundary date for the test alrplane with
reflexed flaps, allerons, and tail-incidence changes are shown in fig-
ure 3 1in terms of airplarne normal-force coefficient CNA and Mach num-

ber M. In several of the higher Mach number runs buffeting was con-
tinuous, in which case the minimum CNA obtained with buffeting still

present 1s showﬁ by inverted triangles. In order to help in defining
the curve, several points are shown where no buffeting was obtained.
The maximum values of CNA reached in these cases are shown as tri-

angles. In one instance, rough air was encountered during the maneuver
where an attempt was being made to reach buffeting. The data obteined
during the rough-air run are shown on the appropriate figures and are
discussed in detail in the section entitled "Rough Air." In figure 3
the onset of airplane oscillation due to rough air 1s shown as a square
at the Mach number of aspproximately 0.73 end s CNA of 0.62.

During the process of obtaining loasds information at 20,000 feet
pressure altitude, Inadvertent buffeting occurred during two runs.
While it -is Impossible from the mesger buffeting informetion at this
altitude to draw any definite conclusions, the data seem to indicate
that a marked reduction occurs in the buffet boundary at 20,000 feet
at the high Mach numbers.

The faired buffet boundary shown in figure 3 is similar to others
obtained for sirplanes having unswept laminar flow or low-drag wings.
A typicel depression occurs around Mach number 0.53 with a peek around
0.69, followed by a sharp drop to zero airplane normal-force coefficient
around 0.80 Mach number, For the gross weight and altitude at which
the test alrplane was flown 1t was Ilmpossible to obtain buffeting between
Mach numbers of approximately 0.67 and 0.7k without exceeding the test-
program limitations of n = 3.0.

The buffet boundary for the reflexed-flep airplane from figure 3
is compared in figure 4 with the buffet boundary for the original

RN

ta
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configurstion from reference 8. Both curves are for the clean conditiaon
at approximately 30,000 feet pressure altitude. At Mach numbers below
M = 0.72 the reflexed-flap-configurstion buffet boundary is epparently
reduced while at values of Mach number sbove M = 0.72 sairplane buf-
feting is delayed until a higher value of airplane normali-force coef-
‘ficient is reached.

Buffeting-Load Increments

While the basic strain-gege equations for evaluating the net struc-
tural horizontal-tail load, as mentioned previously, consists of three
terms, only the primary term wes used for evaluating the oscillatory
buffeting-load increments. In-order to compare the use of the one-
term and three-term equations for shear, figure 5 presents portions of
representative time histories of the net structural loads on the hori-
zontal stebilizers during a gradual turn at a Mach.number of 0.4k and
a pressure altitude clese to 30, OOO feet.

Two curves are shown, where the circles represent the loaed on the
stabllizer using all the terms in the basic eqpation such as

Net load left side (horizontal staebilizer) = ABg  + Bbo, + CBp,
L L R

The squares represent the load measured using only the primary term In
the expression where

Net load left side (horizontal stabilizer) = AESL

A maximum net structural buffeting-load increment of 3,330 pounds is
shown in figure 5 for the left horizontal stgbilizer using all of the
coefficients in the equation while a maximum net structural buffeting-
load increment of 3,220 pounds 1s shown for the same surface using only
one coefficient. Similar results are shown for the right stabilizer.
For this particular case there seems to be no significent difference
between the meximum buffet-load increments evalueted by the two methods.

Horizontal-stgbilizer shear.- The incremental buffeting loads on
the horizontal stabilizer were determined for each buffeting run using
only the meximum double amplitude on both the left and right horizontal
stabilizers. These buffeting increments on the stabilizers were con- .

“verted to coefficient form by use of the expression -

_ Load
N, T @St

AC
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where the load in this case corresponds to the double amplitude as
measured from the strain-gage records.

Data similar to those shown in figure 5 using only the primary
term were used in the preparstion of figure 6 where the horizontal-
stabilizer buffeting-load coefficient is plotted against Mach number.
In figure 6 the circles represent the values obtained for the left
stabllizer and the squares represent those for the right stabilizer.

In order to distinguish between intentional and insdvertent buffeting

&8 cross superimposed on the circle or square indicates intentionel buf-
feting. All of the points shown in figure 6 were obtained with the
reflexed-flap configuration snd a boundery (from reference 8) is shown
for the originsl airplane test configuration. From figure 6 it can be
seen thet the magnitude of the buffeting loads obtained during inten-
tional buffeting are larger than those during insdvertent buffeting
where recovery was mede rather abruptly. This result suggests that the
magnitude of the buffeting load may be dependent on the time in buf-
feting before the pilot executes a recovery.

A comparison of the boundary line (as given in reference 8) for

_ the original configuration with the test data for the modified configu-
ration in figure 6 indicates that there is no appreciable change in the
maximum buffeting loads measured. The data obtalned at 20,000 feet
fall considerably below those obtained for either inadvertent or inten-
tional buffeting st 30,000 feet.

Stabilizer bending moment.- The stabilizer bending-moment coef-
ficlents obtained during buffeting are shown in figure T. A distinction
is again made between the left and right sides and intentional and
inadvertent buffeting. The bending-moment coefficient shown for the
stablillzer is defined as

Bty

where the bending moment is the maximum double amplitude for each
meneuver. Only the portion of the bending moment measured by the
bending-moment bridge on either the left or right side 1s considered.
The values of bending-moment increments obtained during intentional
buffeting are generally higher than during inadvertent buffeting.

There 1s no significant difference between the values for the left and
right tail. Several of the maximum incrementel bending-moment values
obtained for the original configuration (fig. 8; reference 8) are shown
for comperison. The figure Indicates that the magnitudes of the maximum
incremental bending-moment coefficients are compareble for the two con-
figurations. The buffeting bending-moment coefficlents obtained at
20,000 feet fall below those obtained at 30,000 feet.

.. Bending moment
aST5-
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Wing bending moment.- Left- end right-wing buffeting bending-
moment coefficients as a function of Mach number are plotted in fig-
ure 8. A distinction is agaln made between the left snd right wings
and inadvertent and intentional buffeting. The wing bending-moment coef-
ficient shown is defined gs

ACg - Bending Moment

Miy.
B qsﬁi?

where the bending moment is the mdximum double-amplitude measurement
for each meneuver while in buffeting. Only the part of the bending
moment measured by the bending-moment bridge on either the left or
right side is considered. In nearly gll cases the Iincremental bending
moment was higher for intentionsl buffeting than inedvertent buffeting
while: similerity in the magnitude exists between the left and right
wings. For a comparison of the two configurations several points
obtained for the original airplane configuration (from fig. 9, ref-
erence 8) are shown.

The wing buffeting bending-moment coefficients obtsined at
20,000 feet are considerably lower than those obtained at 30,000 feet.

Wing structural shear buffet increments are not shown because in
all cases, for both inadvertent and intentional buffeting, the struc-
tural load was less than *1,000 pounds. The estimated reading accuracies
for the wing shear are 400 pounds; therefore, the results for the wing-
shear buffeting increment have not been included.

Elevator load.- As described under the section "Instrumentation"
the elevator buffeting-load increments have been measured using three
different recording systems with the structural loads dbtained from
equatlions of the form

Net load per side (elevator)

ABouter + Bdinper (1)

Net load (right elevator)

C311 combined (2)

Net load (left elevator) = D) + ESp + Fb3 + GB), + Hog + I8  (3)

In previously reported results (reference 8), equation (1) was used for
evaluating the elevator buffeting-losd Increments, while for the reflexed-
flep configuration the three recording systems were used at various

times during the test program.

The results of messuring the elevator buffeting-losd Increments by
the use of equations (2) and (3) are shown in table II. This table
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presents the maximum left elevator hinge-bracket buffeting-load incre-

‘mente for hinges 1 to 6 obtalned during buffeting st Mach numbers from

0.38 to 0.81, the summation of-these loads (equation (3)), end the maxi- -
mum buffet-load increments for the right elevator (from equation (2)).

All dsta gilven in table II are for & pressure altitude of 30,000 feet

and the loads in pounds are double-amplitude structural buffeting

increments.

Although the time of occurrence in the maneuver of the varlous

peak loads listed for each Mach number was not the same, the agreement i
between the results using equation (2) or equation (3) was reasonably
good. The summation of loads (equation (3)), on the left elevator was
higher on the average than the recorded total load for the right ele-
vator; however, due to the method of obtaining the total structural
load on the left elevator, no significance should be attached to this
result, - '

The left- and right-elevator buffeting-load coefficients for both '
inadvertent- and intentionsal-buffeting maneuvers are shown in figure 9
as a function of Mach number. The elevator load coefficient is -
expressed as

Load
M = -
NEB q,SE
where the load is the double amplitude for one elevator during buffeting
and the elevator .area includes both elevators.

Loads measured using equations (1), (2), and (3) are presented in
the figure, where the squares are for eguation (2) having all of the , ;
gages on the right comblned, and circles are for equation (3) for sum-
mation of individual hinge loads on the left. Trilangles and dlamonds
represent loeds measured using equation (1) for the left and right
sides, respectively. The points shown as open symbols were obtained
during inadvertent buffeting while the crossed symbols are for intentional
buffeting. Again the loads measured on the left or right elevator are
not significantly different, but loads cbtained during intentional
buffeting are generslly higher than those for the inadverent cases.
Elevator buffeting-load increments obtailned at 20,000 feet are lower
than those obtained at 30,000 feet.

The faired boundary line obtained for the original configuration
(fig. 10, reference 8) is shown in figure 9. Although several points
"obtained with the reflexed-flap configuration are above the previous
boundary, these points would be expected to be higher due to the method
of megsurement of the loads on the left elevator.

W
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Since the elevator buffet-load increments are being measured by
meens of strain-gage bridges on the hinge-bracket supports, it is not
possible to separate for buffeting conditions the pert of the load on
these brackets which is dque to bending of the stabllizer and the part
due to the actual load on the elevator. Even 1f most of the loed on
the hinges were due to elevator load, a part of i1t would be due to the
inertia of the mass balances which would effect only the torque tube
and hinge-bracket stresses.

Extrapoletion of Buffeting Loads

No extrapolation of the load coefficients to loads at verious
altitudes has beén made in the present paper since some doubt exists
as to the validity of the assumption that the loads for a gilven Mach
number are directly proportional to the dynamic pressure. This doubt
has arisen since the issuance of reference 8. Unpublished results of
buffeting-load measurements on the F-51D airplane heve indicated that,
at Mach numbers below M = 0.65, the damping of the vibrating structure
may be increasing rapidly enough with increasing air density so as

partially to offset the increasing magnitude of the forcing functlon of
buffeting.

Buffeting and Structural Frequencies

A marked similarity exists between the structural natursl fre-
quencies and the frequencles measured from the strain-gage records
during buffeting. Table III lists some pertinent alrplane structural
frequencies obtalned primarily from vibration tests conducted on a
North American XB-45 airplane at Wright Patterson Air Force Base (ref-
erence ). Since the tail span is longer by several feet than the one
tested by the Air Force, the tail bending frequency listed in the table
was obtained in ground tests at the Langley Aeronauticel Lsboratory.

The lower part of table III lists the most pronounced frequencies
that were present with the strain-gage record from which they were
obtained. As far as can be determined these frequencies are the same
as those estimated for the original configuration. The wing bending
gages showed a frequency very close to L4 cycles per second with occa-
sional low-amplitude oscillations near 10 and 1k cycles per second.

The stebilizer shear and bending strain-gage records were composed
mainly of oscillations at 4, 6, 10, and 36 cycles per second. The ele-
vator shear-gage records were mainly composed@ of oscillations at 6 and
36 cycles per second.

During buffeting maneuvers the wings were generally oscillating
in phase but the left- and right-stebilizer load oscillations were out
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of phase as often as in phase. An illustration of the phase relation-
ship for left and right horizontal stebilizers is shown in figure 5
where the loads in buffeting on the two sides are almost 180° out of
phase. The loads measured on Individual _elevator hinge brackets were
out of phese as often as in phase regardless of the recording system
used. For the left elevator where individual hinge loads were measured,
the maximum buffeting loads seldom,. 1f ever, occurred simulianeously

on all six hinges.

Time in Buffeting

An effect of length of time in buffeting is shown in figure 10
where the stabilizer load coefficient i1s given as a function of time
in buffeting. Time in buffeting is considered as the time required to
reach the maximum value of incremental buffeting load after the initial
start of buffeting. The left and right sides of the stabillizer are
distinguished by clrcles and squares. For the three runs 1liustrated
the average Mach number was 0.45. TFor each condition the change in
the airplane normal-force coefflcient QN%N between start of buffeting

and meximum attained buffeting load is also shown. No correlation
appears to exist between ACNT and ACNA, but the figure indicates
B
that ACNT increases with time in buffeting. No conclusions should
B

be drawn from the data of figure 10 concerning relative effects of
penetration beyond the bhuffet boundary and time in buffeting for higher
Mach numbers. Tests on other airplanes have indicated that, in the Mach
nmumber range where buffeting is encountered before maximum 1lift is
reeched, some correlation exists between penetration beyond the buffet
boundary and the magnitude of buffeting loads; however, In the present
case penetration beyond the buffet boundary at high Mach numbers was

not sufficlent to permit a similsr analysis.

Rough Air

Rough air was encountered during one flight at a pressure altitude
of approximstely 30,000 feet and a Mach number of 0.73. Using the
effective-gust-veloclty equation presented Iln reference 10 where

Ang, = PoeKUeVeSy
g oW

the velue for U, during rough air was found to equal 8.8 feet per

second. The assumptlon made herein 1s that the measured center-of-
gravity acceleration represents the alrplane acceleration.
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The meximum horizontal-stebilizer shear snd bending-moment coef-
ficiunts and, wing bending-moment and elevator load coefficients
obtained in the rough-air run are shown in figures 6, T, 8, and 9,
respectively. The stabilizer and elevator coefficients are of the same
megnitude as those obtained during inadvertent buffeting. The wing
bending-moment coefficient obtained during rough air was considerably
higher than the intentional or insdvertent buffeting coefficients
obtained at corresponding Mach numbers with an absolute value of
480,000 inch-pounds, a value higher than any wing buffeting bending-
moment increments.

The wing bending-moment strain-gage records had different character-
i1stics in rough alr than during buffeting; in rough air the wing vibra-
tion appeared to be purely at the first fundamental bending frequency
of the wing.

SUMMARY OF RESULTS

The gradual-maneuver buffet boundary, as established by the onset
of buffeting from strain-gage records, appears to be similar to that
of other airplanes with low-drag airfoils. Reflexing the flaps and
allerons and changing the tail-tip incidence 314 not materially affect
the buffet boundary for the test ailrplane as compared with the buffet
boundary for the original configurastion.

Buffeting-loaed increments determined by the use of only the primary
shear or bending-moment strain-gage bridge showed no significant dif-
ferences from those determined using all bridges normally needed to
establish tail loads.

The loads measured during buffeting were generally higher for
intentionsl buffeting conditions as compared with insdvertent buffeting.

At lower Mach numbers the magnitude of the maximum stabilizer
buffeting-load coefficients appeared to increase with length of time
in buffeting.

A comparison of the buffeting-load coefficients for the reflexed-
flap airplene and the originel configuration indicated that gtabilizer
buffeting load and bending-moment coefficients were essentially the
same for the two configurations.

Elevator buffet-load coefficlents for the two configurations

showed the same trend with Mach number; however, where the loads were
measured using the individuasl hinge-bracket-load summations some of the
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reflexed~flap-configuration load coefficients were higher than the
boundary established for the original configuration.

Wing bending moments and shears measured during buffeting were
relatively small, and incremental shears never exceeded 1,000 pounds.

Since some doubt exists at the present time as to the method of
extrapolating buffet=load data to low altltudes, no conclusions are
drawn concerning the occurrence of critical loads on the stabilizer
and elevator.

The buffeting frequenciles estimated from the strain-gage records
indicated a definite similarity with the structural natursl frequencies.
The left and right elevator and stebilizer were at times in phase and
at times out of phase while the left and right wings were generally
inphase with one another during buffeting.

In rough alr at—a Mach number of 0.73 the incrementel oscillatory
loads on the stabilizer and elevator were in general less than those
measured during buffeting et the same Mach number. For the wilng the
incremental bending moment in rough air was higher than sny values
measured during buffeting at any Mach number. In rough sir the wing
vibration was at the first fundamental bending frequency whereas during
buffeting other frequencies were superposed on the fundamental
vibration. .

Langley Aeronautical Leboratory
Nationsl Advisory Committee for Aeronsutics

Langley Field, Va.

“»
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TABLE T

CHARACTERISTICS COF TEST ATIRPLANE

Wing: .
Span, Tt « v « ¢ 4 + ¢ 4 e e 6 e s e e e e e e e e e e e 89.0k4
Ares, square feet ., . . c s e e s v e e e s w e e s e 1175
Mean serodynamic chord, FEOb o o u e e e e e e e e e k.02
Adrfoil, root . . . . . T e s e e e e e e+« . . NACA 66,2-215
A3Tfoil, 3D o v « 4 ¢ 4 4« v 4 4 4o e =+ « « o « . . NACA 66,1-212
Taper TAE1I0 + v ¢« v v v o « o 4 o 4 o v e e e e e e e e e s 2.h2

Horizontal tail surfaces:
Area (including fuselage), square feet . : . . . . . . . . . 289.hk
Span, feet . v v v v v 4 e e 4 b 4 e s e e s e e e e e e e 43.87

Elevator:
-Area (including tabs), square feet . . « + = ¢« + ¢« ¢ « « o . 67.7L

Gross weight, pounds (renge as flowm) . . .. . . . . 55,000 to 63,000

Center of gravity (range as flown), percent M.A.C. . . . . 26.% to 28.2
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TABLE X

CCMPARIBON CF ELEVATOR AND ELEVATOR HINGE-ERACKET MAXIMUM DOUELE AMPLITUIR

HUFFET-LOAD INCREMERTS MEASURED AT 30,000 FEET

Individual. hinge-bracket loads on lsft elavator
(hinge location -(:LuS from center line)
1b
Left elevator load Right elavator load
using eguation (3) using equation (2)
Mach mmber| , Hinge 1 Hinge 2 Ringa & Hinge 5 (susmation of individuall(ell strain gages combined
T Y 2 (92 1n. frem o #rom. canter| (216 in. from (1) {1b)
from center|fram center|center 1ine) from ceuter CATIET | center Line)

]_.L“) 1?1;2) line) line)

0.377 370 510 590 800 560 240 3o%0 3200
- 399 k3o Tho 920 960 90 230 Lato 3950
log 250 300 530 700 560 190 2530 2340
30 460 830 1620 1170 900 330 5310 180
453 am 250 8lo 800 670 220 3y 2760
8 270 koo 600 530 T20 220 27 1850
451 20 180 430 510 Loo 170 1880 1750
Sk 250 270 Lo 540 Loo 170 2120 1700
N1 210 150 b50 510 350 170 1840 1170
568 180 120 koo 390 gg 150 1510 850
599 140 200 o - 300 120 1480 140
607 140 N (4] 360 hoo 250 130 1450 Tho
637 550 970 1730 1370 83 330 5680 3690
638 350 520 8o 760 670 260 3koo 1910
564 180 300 480 %90 k30 150 2130 3040
75 700 1202 1708 1hoR 1308 308 6602 T608
. Thh 110 120 210 270 210 140 1060 950
.TH0 110 ko 280 230 260 Bo 1040 1090
T62 120 180 280 310 350 110 1350 1060
T4 160 =50 530 530 550 £50 2310 2120
T 270 o 700 510 70 300 2370 1850
.B0g 390 1o gho 850 1020 kso kaBo 3500
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TABLE IIT

FREQUENCY CHARACTERISTICS

Natural frequencies of airplene components (cps):
Wing:
First symmetrical bending . . . . S
Unsymmetrical wing bending and inner panel torsion . . . . . . 9
Second symmetrical bending . . . « « « « o « 4 o o 0 o o . o o 14
Fuselage:
Torsion and side bending (primerily torsion) . . « « « . « . . 4
Verticel Dendimng . « » « « o o « o « o « o o o s o o« « « « « « 8.
Horizontal stabilizer: ¢
6
"
0

-

Primary bending (symmetrical) . . . . + ¢« ¢ ¢ ¢« ¢ ¢ ¢ o o o . .
TOrsSioN « +v v « o « o o o o o o o o s ¢ o« o o o o s o o o+ « 3
Elevator:

Torque tube torsion . . ¢ ¢« & « & ¢ o ¢ & o ¢ o ¢« o s 2 o« o« o 1
Symmetricael rotetion . . . + . ¢ .+ 4 ¢ ¢ s o 4 s o .. 8.3b01

Buffeting frequencles estimated from records for the following
gtrain-gage bridges (cps):

Wing bending . . « v v o ¢ ¢ 4 4 4 e 40 4o o s e s o o o« . k4,10, 1k
StabllizZer SHEAT +« « « « « « « «'s + o« o « « o« + « « « o4, 6, 10, 36
Stabilizer bending . . . « « « + . « . . . - « . k4,5, 6,10, 36
Elevator SHEAT . « « + o o o o o o o o o o o o « . e me on. 6,36
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Figure l.- Three-view drawing of test airplane showlng approximate
locations of straln-gage bridges.
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Figure 6.- Stabilizer buffeting-load coefficients.
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